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(57) This digital transmission system is provided 
with a transmitting apparatus that transmits digital data 
signals and a receiving apparatus that receives the dig- 
ital data signals transmitted over a transmission path> 
compares the signals with a predetermined threshold 
value, and performs decision reproduction. 

The receiving apparatus is formed by: decision cir- 
cuits that receive the input of reception signals, discrim- 
inate between the respective reception signals using a 
plurality of threshold values, and output decision results; 
and a selection circuit that, based on the decision results 
output from the decision circuit, selects one decision re- 
sult from one threshold value Irom among the decision 
results from each of the plurality of threshold values, and 
outputs the selected decision result. As a result, the re- 
ceiving apparatus is able to individually select which de- 
cision result to use from which threshold value. 

More specifically, the receiving apparatus is formed 
by: k number (i.e., k x n) of decision circuit sets each 
having different threshold values, with one set formed 
by a plurality (n number) of decision circuits having the 
same threshold value; distribution circuits that distribute 
reception signals to the respective decision circuits; a 
selection circuit that selects and outputs one decision 
result from the decision circuits; and a control circuit that 
controls the selection circuit such that the Input of the 
decision results is received from each decision circuit, 
a set in which the decision results of n number of deci- 
sion circuits are the same is selected from all sets, and 



the decision result of one decision circuit from that one 
set is selected. 

FIG. 1 

FIRST EMBODIMENT OF THE PRESENT INVENTION 4 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] This application is based on patent application 
Nos. 2001-371150 and 2002-1 86634 filed in Japan, the 
contents of which are Incorporated herein by reference. 
[0002] The present Invention relates to a digital trans- 
mission system that performs the transmission of digital 
signals (electrical signals, optical signals, and the like). 
In particular, the present invention relates to a digital 
transmission system that makes high quality transmis- 
sions possible without raising the transmission bit rate. '5 

Description of the Related Art 

[0003] In a transmission system that uses optical fib- 
ers it Is possible to achieve a transmission capacity of 20 
40 Gblt/s (gigabits per second) using a single wave- 
length. The transmission scheme (especially for modu- 
lation and demodulation) commonly used In this type of 
transmission system Is the simplest scheme and Is 
known as IM-DD (Intensity Modulation - Direct Detec- 
tion). In this scheme, a transmitter performs on/ off mod- 
ulation of the optical intensity in accordance with digital 
0 and 1 signals. A receiver converts the optical Intensity 
into electrical amplitude signals by direct photoelectric 
conversion, and reproduces the signals by determining 
using a decision circuit whether a signal is 0 or 1 based 
on a predetermined thresh old value. Here > the threshold 
value set In the decision circuit is normally fixed when 
the decision circuit Is operating, and there are two meth- 
ods for deciding this threshold value. One method in- 
volves optimization while the decision circuit is not con- 
nected to the optical fiber transmission path (so called 
back-to-back configuration), while the other method In- 
volves optimization while the decision circuit is connect- 
ed to the optical fiber transmission path. In commercial 
systems and the like, the former method is employed 
because of its wide application range. 
[0004] In the decision circuit of the receiver in an op- 
tical transmission system, wrong identifications of 0 and 
1 , namely, bit errors occur due to chromatic dispersion 
in the optical fiber and Amplified Spontaneous Emission 
(ASE) optical noise in an optical amplifier located not 
only on the transmission path, but also in transmitter or 
receiver. In high speed transmissions of 40 Gbit/s, these 
bit errors are a factor in limiting the transmission dis- 
tance and, therefore, measures to counter them are 
necessary. These countermeasures can be roughly cat- 
egorized Into two types. The first type Is forward error 
correction (FEC), and the second type i3 decision feed- 
back equalization (DFE). Note that, in the most widely 
used error correction technology (ITU-T recommenda- 
tion G.975), the threshold value of the decision circuit is 
fixed. 



[0005] When performing error correction on the re- 
ceiving side, firstly, predetermined calculation process- 
ing is performed on the transmission information on the 
transmitting side, and redundant bits obtained as a re- 
sult thereof are attached and transmitted. Accordingly, 
there is normally an Increase In the bit rate. On the re- 
ceiving side, the predetermined calculation processing 
is performed on the received signals again, the result of 
this calculation processing is compared with the re- 
ceived redundant bits, and an error position is detected 
and a correction made by exclusive OR. 
[0006] In contrast, the decision feedback equalizer 
method is proposed as a method for dealing with burst 
errors (F. Buchali et al., "Adaptive Decision Feedback 
Equalizer for 10 Gblt/s Dispersion Mitigation", ECOC 
00,5.2.5). In this method, there is one structure In which 
the bit error rate (BER) of decision reproduced signals 
or the like is measured, and the threshold value of the 
decision circuit is variably controlled such that this out- 
put bit error rate is at the minimum. There is also another 
structure in which the optimum decision circuit is select- 
ed from among a plurality of decision circuits In each of 
which a different threshold value is set. 
[0007] However, the above described technologies 
have the following drawbacks. 

[0008] FEC has the problem that the bit rate of the 
transmission signals is raised. For example, In super 
FEC, which is currently being examined in submarine 
transmission systems, 7% redundant bits and 12% re- 
dundant bits are connected in serial, so as to create a 
total of 22% redundant bits (O.A. Sab, "FEC Techniques 
in Submarine Transmission Systems", OFC '01 , TuF-1). 
However, in a high speed transmission such as 40 Gblt/ 
s, the bit rate is approximately 49 Gbit/s, and the possi- 
bility arises that the speed margin of the electronic circuit 
will not be sufficient. Moreover, an Interleaving circuit 
that mixes up the bit transmission sequence is used be- 
tween the two encoding circuits, so that the circuitry size 
is increased. Furthermore, because some Iteration de- 
coding technology is used, the decoding delay cannot 
be ignored. 

[0009] In this way, in FEC, there is a trade off relation- 
ship between the transmission signal bit rate and the 
coding gain (the forward error correction performance), 
and a way to obtain the maximum coding gain with the 
minimum rise in the bit rate Is being investigated. In ad- 
dition, FEC is effective against random errors, but is not 
particularly effective against burst errors. For example, 
in the gradual changes that occur in phasing phenome- 
na such as polarization mode dispersion, it is supposed 
that the bits of the majority of the code words are erro- 
neous, however, in this case, error correction perform- 
ance Is limited (M. Tomlzawa et al., "FEC Performance 
in PMD-Limitad High-Speed Optical Transmission Sys- 
tems", ECOC "00, 5.2.4). 

[0010] In contrast, the drawback with decision feed- 
back equalization (DFE) is that because the structure 
uses a feedback control circuit, there Is a lengthy 
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processing time and it is not possible to track rapid 
changes, e.g., within a bit-period. For example, in order 
to measure the bit error rate of a result output from a 
variable decision circuit (or selected output results from 
a plurality of decision circuits), and set (or select) a suit- s 
able threshold value, a control time corresponding to be- 
tween several bits and several hundred bits is needed. 
Accordingly, DFE is effective against phasing, but is not 
effective against random errors, caused by noise or the 
like, in which there is no correlation between bit-errors. 10 
[0011] Note that the above description is for an optical 
transmission system, however, the description also ap- 
plies in the case of general wired or wireless electrical 
digital signal transmissions. 

15 

SUMMARY OF THE INVENTION 

[QQ12J Accordingly, it is an object of the present inven- 
tion to provide a digital transmission system that com- 
pensates for the respective drawbacks in FEC and DFE 20 
and can be applied both to systems limited by noise and 
systems limited by phasing, and that makes possible 
high quality transmissions without raising the transmis- 
sion bit rate. 

[0013] According to the present invention, the above 25 
object can be achieved by a digital data signal receiving 
apparatus comprising: decision circuits that receive an 
input of reception signals, make a decision about the 
reception signals using a plurality of threshold values, 
and output the decision results; and a selection circuit 30 
that, based on the decision results output from the de- 
cision circuits, selects a decision result from one thresh- 
old value from among the decision results from the plu- 
rality of threshold values, and outputs the selected de- 
cision result. 

[0014] In addition, the above object can be achieved 
by a digital transmission system having a transmitting 
apparatus that transmits digital data signals and a re- 
ceiving apparatus that receives the digital data signals 
transmitted over a transmission path, compares them 
with a predetermined threshold value, and performs de- 
cision reproduction, wherein the receiving apparatus 
comprises: k number (i.e., k x n) of decision circuit sets 
each having different threshold values, with one set 
formed by a plurality (n number) of decision circuits hav- 
ing the same threshold value; distribution circuits that 
distribute reception signals to the decision circuits; a se- 
lection circuit that selects and outputs one decision re- 
sult from the decision circuits; and a control circuit that 
controls the selection circuit such that the input of the 
decision results Is received from each decision circuit, 
a set in which the decision results of n number of deci- 
sion circuits are the same is selected from all sets, and 
the decision result of one decision circuit from that one 
set is selected. 

[0015] In addition, the above object can be achieved 
by a digital transmission system having a transmitting 
apparatus that transmits digital data optical signals and 



a receiving apparatus that receives the digital data op- 
tical signals transmitted over an optical transmission 
path, converts the digital data optical signals Into elec- 
trical signals, compares the eiectrical signals with a pre- 
determined threshold value, and performs decision re- 
production, wherein the receiving apparatus comprises: 
k number (i.e. , k x n) of decision circuit) sets each hav- 
ing different threshold values, with one set formed by a 
plurality (n number) of decision circuits having the same 
threshold value; distribution circuits that distribute the 
electrical signals to the decision circuits; a selection ctr- 
cu it th at selects and outp uts o ne decislo n result fro m the 
decision circuits; and a control circuit that controls the 
selection circuit such that the input of the decision re- 
sults is received from each decision circuit, a set in 
which the decision results of n number of decision cir- 
cuits are the same is selected from all sets, and the de- 
cision result of one decision circuit from that one set i- c 
selected. 

[0016] In addition, the above object can be achieved 
by a digital transmission system having a transmitting 
apparatus that transmits digital data optical signals and 
a receiving apparatus that receives the digital data op- 
tical signals transmitted over an optical transmission 
path, converts the digital data optical signals into elec- 
trical signals, compares the electrical signals with a pre- 
determined threshold value, and performs decision re- 
production, wherein the receiving apparatus comprises: 
k number (i.e., k x n) of decision circuit sets each having 
different threshold values, with one set formed by a plu- 
rality (n number) of decision circuits having the same 
threshold value; an optical distribution circuit that dis- 
tributes the digital data optical signals to n series; n se- 
ries of photo detectors that receive the optical signals 
distributed to the n series; optical amplifiers that amplify 
optical signals at at least one of the optical distribution 
circuits and the photo detectors that are upstream of the 
optical amplifiers; n series of distribution circuits that dis- 
tribute the electrical signals output from the n series of 
photo detectors to the k sets of decision circuits that 
each have a different threshold value; a selection circuit 
that selects and outputs one decision result from the de- 
cision circuits; and a control circuit that controls the se- 
lection circuit such that the input of the decision results 
is received from each decision circuit, a set in which the 
decision results of n number of decision circuits are the 
same is selected from all sets, and the decision result 
of one decision circuit from that one set is selected. 
[0017] By employing a system such as this, it is pos- 
sible to perform effective error control without raising the 
transmission signal bit rate. Moreover, because a struc- 
ture is employed in which a threshold value is selected 
that gives a low error rate, It is possible to perform ef- 
fective error control by continuously selecting an opti- 
mum threshold value even for degradation of phasing 
and the like. Furthermore, because it is possible to se- 
lect a threshold value instantaneously for each bit using 
a feed forward structure, it Is possible to perform error 
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control from moment to moment a signal is received, 
and It is also possible to respond effectively to random 
errors in which there Is no correlation between bits. In 
addition, It is also possible to perform effective error con- 
trol for signal errors caused by noise of the transmission 
path or repeater. 

[0018] It is to be understood that the reference numer- 
als appended in the claims do not limit the Interpretation 
of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Fig.1 shows the structure of a receiver accord- 
ing to the first embodiment of the present Invention. 
[0020] Fig. 2 is a view showing error rate characteris- 
tics according to the first embodiment. 
[0021] Fig. 3showsthe structure of a receiver accord- 
ing to the second embodiment of the present invention 
[0022] Fig. 4 shows the structure of a receiver accord- 
ing to the third embodiment of the present Invention. 
[0023] Fig. 5 shows the structure of a transmitter and 
receiver according to the fourth embodiment of the 
present invention. 

[0024] Fig. 6 shows the structure of a transmitter and 
receiver according to the sixth embodiment of the 
present Invention. 

[0025] Fig. 7 shows the structure of a transmitter and 
receiver according to the seventh embodiment of the 
present invention. 

[0026] Fig. 8 shows the structure of a receiver accord- 
ing to the eighth embodiment of the present invention. 
[0027] Fig. 9 shows the structure of a receiver accord- 
ing to the ninth embodiment of the present Invention. 
[0028] Fig. 10 shows the structure of a receiver ac- 
cording to the tenth embodiment of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] The following embodiments do not restrict the 
interpretation of the claims relating to the present inven- 
tion, and the combination of all the features explained 
in the embodiments is not always an indispensable 
means of solving the problem. 

[0030] A detailed description will now be given of the 
embodiments of the present invention using the dia- 
grams. 

(First Embodiment) 

[0031] Fig. 1 shows the first embodiment of the 
present Invention. Note that the structure of the trans- 
mitting apparatus side is the same as a conventional 
structure, and here an example of the structure of the 
receiving apparatus side is shown. Furthermore, a de- 
scription is given of an example of a receiving apparatus 
In an optical transmission system; however, the present 



embodiment is not limited to this. 
[0032] In Fig. 1, optical signals are converted Into 
electrical signals by a photo detector 1 . These electrical 
signals are then distributed to a plurality of series by a 

5 distribution circuit 2, and are input respectively into de- 
cision circuits 3-1 1 to 3-1 n for a threshold value 1 , deci- 
sion circuits 3-21 to 3-2n for a threshold value 2, and 
decision circuits 3-k1 to 3-kn for a threshold value k. 
Namely, if n number of decision circuits for the same 

to threshold value are taken as 1 set, the electrical signals 
can be distributed to the decision circuits of k sets. The 
number of distributions Is the product (i.e. , n x k) of the 
number n of decision circuits having the same threshold 
value with the types k of threshold values. The decision 

is result of each decision circuit is Input Into a control circuit 
4, and the decision result of at least one decision circuit 
from each set is input into a selection circuit 5. The con- 
trol circuit 4 rontroisthe selection circuits based on the 
decision result of each decision circuit, and selects and 

20 outputs the decision result of one decision circuit. 

[0033] In the present embodiment, signals in which 
Signal-to-Noise (S/N) ratio degradation on the optical 
transmission path and waveform degradation such as 
phasing have occurred are Input Into the respective de- 

25 cision circuit, and the noise in each decision circuit is 
further added independently of each other. Accordingly, 
in each decision circuit, as a result of this noise addition, 
sets In which the n number of decision results for the 
same threshold value all show the same value (1 or 0), 

30 and sets in which some of the n number of decision re- 
sults show different values are generated. The control 
circuit 4 receives the input of the decision resu It of each 
decision circuit, and selects those sets in which the n 
number of decision results for the same threshold value 

35 all show the same value (logic 1 or 0), and whichever 
one Is the majority out of the sets showing the logic 1 
and the sets showing the logic 0. For example, if, out of 
ksets, there are more sets showing logic 1 than logic 0, 
then one of the sets showing logic 1 is selected, and one 

40 decision result is then selected from the n number of 
decision circuits of that set. The logic of this control cir- 
cuit 4 can be called "consensus logic", which is intended 
to obtain the decision result having the highest degree 
of precision. Note that when the determinations are di- 

45 vided exactly equally, then it is possible for the selection 
circuit to maintain the existing state, or for the selection 
circuit to be p re-set in advance so as to select one or 
the other. 

[0034] An example of the consensus logic of the con- 
so trol circuit 4 is shown in Fig. 1 . Here, it is assumed that 
there are three decision circuits for five different thresh- 
old values. In the threshold values 1 , 2, and 3 the three 
decision results are taken as logic 1; in the threshold 
value 4 two decision results are taken as logic 1 and one 
55 decision resuit is taken as logic 0; and in the threshold 
value 5 three decision results are taken as logic 0. In 
this example, the output of one of the decision circuits 
of the threshold values 1 , 2, and 3 that output logic 1 Is 
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selected as the decision result. For example, if the 
threshold value 2 Is selected, then the output of one de- 
cision circuit Is output from the selection circuit 5 as the 
representative from the n number of decision circuits 
(3-21 to 3-2n) of the threshold value 2. As a result, the 
bit error characteristics are improved. 
[0035] Bit errors may occur even in the above de- 
scribed consensus logic In cases such as: (1) an output 
is made even when there Is no set In which the n number 
of decision results all show the same value for k sets of 
decision circuits; and (2) each decision circuit Is In error 
In exactly the same way. Here, if the bit rate error In the 
optimum fixed threshold value is taken as p, and the bit 
rate errors for k types of different threshold value are 
taken as p 1 , p 2 , ... , and p k , then the number for (1 ) above 
is equal to n k , and the probabilities of each are p., • p 2 
• ... • p k . The probabilities for (2) are expressed as (pj) 
for each threshold value using the bit rate error pj of that 
threshold value. Accordingly, the probability Pa that an 
error will be transmitted downstream can be shown by: 



Pe = 



[0036] For example, when n = k = 2, and If It is as- 
sumed that p 1 = p 2 = 5p, then: Pe = 150 p 2 . Accordingly, 
when p = 1 0" B , then Pe = 1 .5 x 1 0' 10 , and it can be seen 
that there is a satisfactory error-rate improving effect. 
The result when this error- rate improving effect Is esti- 
mated is shown In Fig. 2. Here, If the decibel (dB) differ- 
ence between the Q-value at an error rate of 10* 12 in a 
receiving apparatus in which there is no selection oper- 
ation fixed at the optimum decision point and in which 
there is no FEC, and the Q-value at an error rate of 1 0 -12 
when either the present Invention or a combination of 
the present invention and FEC is used Is defined as 
"gain", then in a receiving apparatus that uses the 
present invention the rise In the bit rate is 0 and the gain 
is 2.3 dB, while in a receiving apparatus that uses the 
present invention and FEC in combination, the rise in 
the bit rate is 7% and the gain is 7.5 dB. 
[0037] Namely, the receiving apparatus of the present 
Invention is provided with: decision circuits that receive 
an input of reception signals, make a decision about the 
respective reception signals using a plurality of thresh- 
old values, and output the decision results; and a selec- 
tion circuit that, based on the decision results output 
from the decision circuit, selects a decision result from 
one threshold value from among the decision results 
from the plurality of threshold values, and outputs the 
selected decision result. By employing a structure such 
as this, it is possible to reduce the error rate without re- 
dundant code such as is used in FEC. in addition, by 
employing this type ol structure, it is possible, based on 
signals received at a particular time, to appropriately 



control (select) threshold values in order to identify 
those bits themselves at that particular time (on bit-by- 
bit basis) without using feedback control such as DFE, 
which was described In the conventional technology. 

5 [0038] Furthermore, In the receiving apparatus ac- 
cording to the present embodiment, for each bit or each 
code contained in the reception signals, the selection 
circuit makes a new selection each time as to which de- 
cision result to use from which threshold value. By em- 

10 ploying a structure such as this, It Is possible to respond 
Immediately to changes In conditions due to signals 
transmitted from a transmission apparatus side or to fac- 
tors on the transmission path. 

13 (Second Embodiment) 

[0039] Fig. 3 shows the second embodiment of the 
present invention. Note that the structure of the trans- 
mitting apparatus side is the same as a conventional 

20 structure, and here an example of the structure of the 
receiving apparatus side is shown. Furthermore, a de- 
scription Is given of an example of a receiving apparatus 
in an optical transmission system; however, the present 
embodiment Is not limited to this. 

25 [0040] In Fig. 3, the optical signals are amplified by 
an optical amplifier 1 1 -0, and are distributed to a plurality 
(n number) of series by an optical distribution circuit (op- 
tical coupler) 12. Each of the distributed optical signals 
is then amplified respectively by optical amplifiers 11-1 

30 to 1 1 -n, and is converted into an electrical signal by pho- 
to detectors 1-1 to 1-n. The respective electrical signals 
are then again distributed to a plurality (k number) of 
series by distribution circuits 2-1 to2-n. Hera, the distri- 
bution output of the distribution circuit 2-1 is Input into a 

55 decision circuit 3-11 for the threshold value 1 , a decision 
circuit 3-21 for the threshold value 2, and a decision cir- 
cuit 3-k1 for the threshold value k. Thereafter, in the 
same way, the output from the distribution circuit 2-n is 
Input into a decision circuit 3-1 n for the threshold value 

40 1 , a decision circuit 3-2n for the threshold value 2, and 
a decision circuit 3-kn for the threshold value k. 
[0041] The decision result of each decision circuit is 
then input into a control circuit 4 and a selection circuit 
5. The control circuit 4 controls the selection circuit 5 

45 based on the decision result of each decision circuit, and 
selects and outputs the decision result of one decision 
circuit. 

[0042] In the present embodiment, signals that have 
passed through n series of optical amplifiers and photo 

50 detectors are input into n number of decision circuits of 
each set having thesame threshold value, and including 
the independent noise of each and the noise of the de- 
cision circuits, it is possible to select a single decision 
result using the same "consensus logic" as in the first 

55 embodiment. 

[0043] Notethatthebiterrorratecharacteristics ofthe 
optical signals are substantially decided by the SN ratio 
before the input into the receiving apparatus (optical am- 
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plifier), and it is known that there is almost no effect on 
the bit error rate characteristics even if there is loss from 
the number of splits once the signals have been ampli- 
fied (Ishlo et al., Optical Amplifiers and Their Applica- 
tions (Ohmsha, Ltd.)). In contrast, in optical transmis- 
sion systems it is known that noise of the optical ampli- 
fier and photo detector is predominant. Accordingly, the 
structure of the present embodiment, in which the noise 
of the optical amplifier and photo detector can be dealt 
with as independent phenomena, can also be applied 
to high quality transmissions in non-repeated long dis- 
tance transmission systems. 

(Third Embodiment) 

[0044] Fig. 4 shows the third embodiment of the 
present invention. Note that the structure of the trans- 
mitting apparatus side Is the same as a conventional 
structure, and here an example of the structure of the 
receiving apparatus side is shown. 
[0045J In Fig. 4, an optical signal Is amplified by an 
optical amplifier 11-1, and undergoes optical frequency 
conversion by an optical frequency conversion circuit 
(for example, a wavelength converter element that uses 
non-linear effect) 13. Here, an optical signal having an 
optical frequency fa Is converted into optical signals hav- 
ing optical frequencies of fa and fb. The optical signals 
of these two optical frequencies are amplified by an op- 
tical amplifier 11 -2, and are then spilt into optical signals 
of the respective optical frequencies by an optical filter 
(an optical frequency separation filter) 14. Each of the 
split optical signals Is then converted Into an electrical 
signal by the respective photo detectors 1-1 and 1-2. 
These electrical signals are then further distributed to 
two series respectively by distribution circuits 2-1 and 
2-2. Here, the distribution output of the distribution cir- 
cuit 2-1 is input into a decision circuit 3-11 for the thresh- 
old value 1 and a decision circuit 3-21 for the threshold 
value 2; and the distribution output of the distribution cir- 
cuit 2-2 is input into a decision circu it 3-1 2f or the thresh- 
old value 1 and a decision circuit 3-22 for the threshold 
value 2. The decision result of each decision circuit is 
then input into the control circuit 4 and the selection cir- 
cuit 5. The control circuit 4 controls the selection circuit 
5 based on the decision result of each decision circuit, 
and selects and outputs the decision result of one deci- 
sion circuit. 

[00461 In the present embodiment, electrical signals 
obtained by adding the noise of photo detectors to op- 
tical signals of different optical frequencies are input into 
two decision circuits having the same threshold value, 
and in the same way as in the second embodiment, in- 
cluding the independent noise of each and the noise of 
the decision circuits, it is possible to select a single de- 
cision result using the same "consensus logic 0 as in the 
first embodiment. 



(Fourth Embodiment) 

[0047] Fig. 5 shows the fourth embodiment of the 
present invention. The features of the fourth embodi- 
5 ment lie in the transmitting apparatus side, while forthe 
receiving apparatus the same structure can be used as 
that used in the third embodiment apart from the optical 
frequency conversion circuit. 

[0048] In Fig. 5, an optical transmitter is formed by: a 
io two-mode pulse generation circuit 21 that outputs opti- 
cal pulses of a plurality of optical frequencies, for exam- 
ple, carrier suppressed return-to-zero pulses whose op- 
tical phases are mutually inverted; by an optical modu- 
lator 22, and by an optical amplifier 23. The optical mod- 
's u lator 22 modulates the two-mode pulses using NRZ da- 
ta or duobinary data signals and then outputs optical sig- 
nals of RZ pulses (CS-RZ (Carrier Suppressed Return - 
to-Zero) code or DGS-RZ (Duobinary Carrier Sup- 
pressed Return-to-Zero) code) formed by two frequency 
20 components of NRZ or duobinary. 

[0049] An optical filter 14 of the receiving apparatus 
has a structure for performing SSB (Single Side Band) 
splitting, and splits the RZ pulses (CS-RZ code or 
DCS-RZ code) formed by two frequency components 
25 so as to form two separated NRZ signals or duobinary 
signals for CS-RZ and DCS-RZ respectively. Thereafter, 
in the same way as in the third embodiment, these sig- 
nals are converted into electrical signals respectively by 
photo detectors 1 -1 and 1-2, and these electrical signals 
30 are then input into the decision circuits 3-11 to 3-22 cor- 
responding to each via distribution circuits 2-1 and 2-2. 
Then, a single decision result Is selected using the same 
"consensus logic" as in the first embodiment. 
[0050] In the present embodiment, the optical noise 
35 of each of the two frequency components is independ- 
ent of each other, and the present embodiment makes 
use of the fact that noise received from all of the optica! 
repeaters (amplifiers) on the optical transmission path 
becomes uncorrected random noise between f requen- 
40 C y components. As a result, by deciding optical signals 
corresponding to the two frequency components using 
decision circuits having different threshold values and 
selecting one using "consensus logic", it is even possi- 
ble to improve bit errors caused by noise from optical 
45 repeaters. 

(Fifth Embodiment) 

[0051] In the transmitting apparatus of the fourth em- 
so bodiment, a structure is employed in which optical puls- 
es of two different optical frequencies output from the 
two-mode optical pulse generating circuit 21 are modu- 
lated using data signals by the optical modulator 22, 
however, it is also possible to employ a structure in 
55 which the optical modulation is achieved using data sig- 
nals by continuous light of two different optical frequen- 
cies. As the continuous light generating circuit of this 
fifth embodiment, it is possible to use two lasersources 
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having different emission wavelengths, or to use two 
side-mode generating circuits. For the receiving appa- 
ratus, the same structure can be used as that used in 
the fourth embodiment shown in Fig. 5. Note that, In the 
fourth embodiment it is necessary to control the modu- 5 
latlon phase using data signals and phases of the optical 
pulses, however, phase control is not necessary in the 
structure of the present embodiment. 

(Sixth Embodiment) « 

[0052] Fig. 6 shows the sixth embodiment of the 
present invention. In the present embodiment a bipolari- 
zation mode optical generating circuit 24 is used instead 
of the two-mode optical pulse generating circuit 21 of *5 
the optical transmitter of the fourth embodiment, and a 
polarization beam splitter 25 is used instead of the op- 
tica! filter 1 4 of the receiving apparatus. 
[0053] The bipolarization mode optical generating cir- 
cuit 24 generates optical pulses or continuous light In 20 
two polarization modes (this can be simply enabled by 
using conventional optical modulation with selecting 
output polarization state as 45 degrees with respect to 
optical fiber principal states of polarization). The polar- 
ization beam splitter 25 splits optical signals of two po- 
larization modes into each polarization, and thereafter, 
in the same way as in the third embodiment, the optical 
signals are then converted into electrical signals by re- 
spective photo detectors 1 -1 and 1 -2. It should be noted 
that the optical noise from optical amplifiers is independ- 
ent with respect to the polarization states. These elec- 
trical signals are then input into decision circuits 3-11 
and 3-22 that correspond to each via distribution circuits 
2-1 and 2-2, and a single decision result is selected by 
the same "consensus logic" as in the first embodiment. 
[0054] Note that polarization mode dispersion (PMD), 
polarization dependent loss (PDL), and the like can be 
given as causes of waveform degradation that depend 
on polarization, however, in the structure of the present 
embodiment, it is possible to improve those reception 
characteristics that are affected by waveform degrada- 
tion and the like that depend on polarization. 

(Seventh Embodiment) 

[0055] Fig. 7 shows the seventh embodiment of the 
present invention . The feature of this embodiment is that 
a structure Is employed in which thetwo optical frequen- 
cies or modes, such as in the fourth and fifth embodi- 
ments, are not used. 

[0056] In Fig. 7, a transmitting apparatus modulates 
by data signals continuous light or optical pulses output 
from an optical generating circuit 26 using an optical 
modulator 22. This structure is the same as the structure 
of a normal NRZ or RZ transmitting apparatus, and, 
compared to the fourth embodiment or fifth embodi- 
ment, enables the frequency utilization efficiency to be 
Increased. 



[0057] The optical sideband splitter27 of the receiving 
apparatus cuts out side band waves of a normal NRZ or 
RZ spectrum and splits them into two modes (so called 
Vestigial Side Band splitting). Thereafter, In the same 
way as in the third embodiment, these signals are con- 
verted Into electrical signals respectively by photo de- 
tectors 1 -1 and 1 -2, and these electrical signals are then 
input into the decision circuits 3-11 to 3-22 that corre- 
spond to each via distribution circuits 2-1 and 2-2. Then, 
a single decision result is selected using the same "con- 
sensus logic 0 as in the first embodiment. For the photo 
detectors 1-1 and 1-2 a single side band receiver or a 
vestigial side band receiver can be used (document of 
reference: S. Bigo et al., Dig. OFC2001, PD25, 2001). 

(Eighth Embodiment) 

[0058] Fig. 8 shows the eighth embodiment of the 
present invention. Note that the structure of the trans- 
mitting apparatus side is the same as a conventional 
structure, and here an example of the structure of the 
receiving apparatus side is shown. Furthermore, a de- 
scription is given of an example of a receiving apparatus 
in an optical transmission system, however, the present 
embodiment is not limited to this. 
[0059] In Fig. 6, optical signals are amplified by an op- 
tical amplifier 1 1 -0, and are then distributed to two series 
by an optical distribution circuit (optical coupler) 12. 
Each of the distributed optical signals is then amplified 
respectively by optical amplifiers 11-1 and 11-2, and is 
then converted into electrical signals by photo detectors 
1-1 and 1-2. The respective electrical signals are then 
input Into a decision circuit 3-12 and a decision circuit 
3-11 having a threshold value H that is set higher than 
the standard threshold value. The decision result of 
each decision circuit Is input into the control circuit 4, 
and one of these decision results (in this case the output 
from the decision circuit 3-11 ) is Input Into the selection 
circuit 5. In addition, a signal for logic 1 Is input into the 
selection circuit 5 from a fixed voltage generator 15. The 
control circuit 4 controls the selection circuit 5 based on 
the decision result from each decision circuit, and se- 
lects and outputs the output of the fixed voltage gener- 
ator 15 or the decision result from a single decision cir- 
cuit. 

[0060] For example, as is shown in Fig. 8, if a logic 0 
reception signal is input into a decision circuit, because 
the threshold value of each decision circuit Is set higher 
than the standard threshold value, even if a slight 
amount of noise is attached, there is a high probability 
that the two decision results will both be logic 0. At this 
time, the control circuit 4 controls the selection circuit 5 
such that the decision result (logic 0) of the decision cir- 
cuit 3-1 1 is selected (as shown by the circles in the draw- 
ing) - 

[0061] In contrast, if a logic 1 reception signal is input 
into a decision circuit, there is a high probability that, 
due to noise addition, either the two decision results will 
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both be logic 1 or that one decision result will be logic 
1 . Accordingly, If at least decision result is logic 1 , It Is 
determined that the reception signals is a logic 1 signal 
and the output of the fixed voltage generator 15 (logic 
1) is selected. As a result, it is possible to output a logic 
1 signal with no noise component. 
[0062] The above determination by the control circuit 
4 can be realized using an OR circuit. Moreover, If both 
decision results are logic 1, In the same way as when 
they are both logic 0 , it Is possible to select the decision 
result of the decision circuit 3-11 (logic 1). In this case, 
the control circuit 4 may be realized by using an exclu- 
sive OR circuit. This also applies when the number of 
decision circuits is three or more. Furthermore, when the 
threshold values of the decision circuits 3-11 and 3-12 
are set lower than the standard threshold value, the 
same effect can be achieved by inverting the above log- 
ic. 

[0063] Furthermore, in the present embodiment, an 
example Is described In which the fixed voltage gener- 
ator 15 that outputs logic 1 is used, however, if a fixed 
voltage generator that outputs logic 0 Is added and the 
two decision results are both logic 0, it is also possible 
to select the output of this fixed voltage generator (logic 
0). As a result, it is possible to output a signal with no 
noise component for logic 0 as well. In this case, the 
control circuit determines whether the reception signal 
is logic 1 or logic 0 in accordance with whether at least 
one of the two decision results is logic 1 or whether both 
are logic 0. Based on this determination, the logic 1 or 
logic 0 signal is selected from the fixed voltage genera- 
tor. 

(Ninth Embodiment) 

[0064] Fig. 9 shows the ninth embodiment of the 
present invention. Note that the structure of the trans- 
mitting apparatus side is the same as a conventional 
structure, and here an example of the structure of the 
receiving apparatus side is shown. Furthermore, a de- 
scription Is given of an example of a receiving apparatus 
in an optical transmission system, however, the present 
embodiment is not limited to this. 
[0065] In Fig. 9, optical signals are amplified by an op- 
tical amplifier 1 1 -0, and are then distributed to two series 
by an optical distribution circuit (optical coupler) 12. 
Each of the distributed optical signals is then amplified 
respectively by optical amplifiers 11-1 and 11-2, and is 
then converted into electrical signals by photo detectors 
1 -1 and 1 -2. Electrical signals output from the photo de- 
tector 1-1 are then distributed again to two series by an 
distribution circuit 2-1 and are then input respectively 
into a decision circuit 3-11 having a threshold value H 
that is set higher than the standard threshold value and 
a decision circuit 3-1 2 having a threshold value L that is 
set lower than the standard threshold value. Electrical 
signals output from the photo detector 1 -2 are input into 
a decision circuit 3-13 set to the standard threshold val- 



ue M . The decision result of each decision circuit is input 
Into the control circuit 4, and the outputs from the deci- 
sion circuit 3-11 and the decision circuit 3-13 are Input 
into the selection circuit 5. The control circuit 4 controls 

5 the selection circuit 5 based on the decision result from 
the decision circuits 3-1 1 and 3-1 2, and selects and out- 
puts the decision result from a single decision circuit. 
[0066] For example, as Is shown In Fig. 9, If a recep- 
tion signal for logic 0 Is Input into the decision circuit 3-1 1 

10 having the threshold value H and the decision circuit 
3-12 having the threshold value L, there is a high prob- 
ability that, due to noise addition, the two decision re- 
sults will both be logic 0, or that the decision result of 
the decision circuit 3-1 2 having the threshold value L will 

15 be logic 1 . Accordingly, If both decision results are logic 
0, the selection circuit 5 Is controlled such that the de- 
cision result of the decision circuit 3-11 having the 
threshold value H (logic 0) is selected, if the decision 
result of the decision circuit 3-12 having the threshold 

20 value L Is logic 1 , the selection circuit 5 is co ntrolled such 
that the determination is entrusted to the decision circuit 
3-13 having the threshold value M , and this determina- 
tion result is selected. 

[0067] If, however, a reception signal for logic 1 is in- 

25 put into the decision circuit 3-11 having the threshold 
value H and the decision circuit 3-1 2 having the thresh- 
old value L ? there is a high probability that, due to noise 
addition, the two decision results will both be logic 1 , or 
that the decision result of the decision circuit 3-11 having 

30 the threshold value H will be logic 0. Accordingly, if both 
decision results are logic 1 , the selection circuit 5 is con- 
trolled such that the decision result of the decision circuit 
3-11 having the threshold value H (logic 1) Is selected. 
If the decision result of the decision circuit 3-11 having 

35 the threshold value H is logic 0, the selection circuit 5 is 
controlled such that the determination Is entrusted to the 
decision circuit 3-13 having the threshold value M, and 
this determination result Is selected. 
[0068] Note that the above determination by the con- 

<*o trol circuit 4 can be realized using an exclusive OR cir- 
cuit. 

(Tenth Embodiment) 

45 [0069] Fig. 10 shows the tenth embodiment of the 
present invention. In the second and third embodiments, 
structures are employed in which received optical sig- 
nals are distributed to a plurality of series, and decision 
determinations are made that include noise from optical 

so amplifiers and photo detectors, however, in the present 
embodiment, a structure Is employed in which signals 
that have been transmitted in parallel from the transmis- 
sion side on a plurality of optical transmission paths are 
received. Namely, new diversity receiving apparatus se- 

55 lection logic is provided. It should be noted, however, 
that in the present invention, using bit unit consensus 
logic, the decision circuit having the optimum threshold 
value Is selected and the decision result thereof em- 
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ployed. 

[0070] In Fig. 10, optical signals received from a plu- 
rality of optical transmission paths are Input Into photo 
detectors 1 -1 and 1 -2 via the respective corresponding 
optical amplifier 11-1 or 1 1 -2. The subsequent structure 
is the same as that employed In the second and third 
embodiments, however, because signals that have dif- 
ferent delays from the different transmission paths are 
being decided, delay circuits 1 6-1 and 1 6-2 are provided 
in order to synchronize the signals. 
[0071 ] In the present embodiment, the light from a plu- 
rality of optical transmission paths is each independent 
and the present embodiment makes use of the fact that 
noise received from ail of the optical repeaters on the 
optical transmission path becomes unrelated random 
noise between transmission paths. As a result, by de- 
ciding optical signals corresponding to the two optical 
transmission paths using decision circuits having differ- 
ent threshold values and selecting one using "consen- 
sus logic", It Is even possible to correct bit errors caused 
by noise from optical repeaters. 
[0072] Note also the structure described in the fifth 
and sixth embodiments may be employed for the struc- 
ture of the decision circuits and the selection logic there- 
of. 

[0073] The above Is a detailed description of the 
present invention utilizing drawings, however, the spe- 
cific structure of the present Invention is not limited by 
the above embodiments and various designs and the 
like may also be considered insofar as they do not de- 
viate from the scope of the present invention. 



receiving apparatus that receives the digital data 
signals transmitted over a transmission path, com- 
pares them with a predetermined threshold value, 
and performs decision reproduction, wherein 

5 the receiving apparatus comprises: 

k number (I.e., k x n) of decision circuit (3-11 , 

3-12 3-kn) sets each having different threshold 

values, with one set formed by a plurality (n number) 
of decision circuits having the same threshold val- 

10 ue; 

distribution circuits that distribute reception 
signals to the decision circuits; 

a selection circuit (5) that selects and outputs 
one decision result from the decision circuits; and 

15 a control circuit (4) that controls the selection 

circuit such that the Input of the decision results Is 
received from each decision circuit, a set in which 
the decision results of n number of decision circuits 
are the same is selected from all sets, and the de- 

20 clslon result of one decision circuit from that one set 
is selected. 

4. A digital transmission system having a transmitting 
apparatus that transmits digital data optical signals 
25 and a receiving apparatus that receives the digital 
data optical signals transmitted over an optical 
transmission path, converts the digital data optical 
signals Into electrical signals, compares the electri- 
cal signals with a predetermined threshold value, 
30 and performs decision reproduction, wherein 
the receiving apparatus comprises: 



Claims 

1. A digital data signal receiving apparatus compris- 
ing: 

decision circuits (3-11, 3-12, .... 3-kn) that re- 
ceive an input of reception signals, make a de- 
cision about the reception signals using a plu- 
rality of threshold values, and output the deci- 
sion results; and 

a selection circuit (5) that, based on the deci- 
sion results output from the decision circuits, 
selects a decision result from one threshold val- 
ue from among the decision results from the 
plurality of threshold values, and outputs the 
selected decision result 

2. The digital data signal receiving apparatus accord- 
ing to claim 1, wherein, for each bit or each code 
contained in the reception signals, the selection cir- 
cuit (5) makes a new selection each time as to which 
decision result to use from which threshold value. 

3. A digital transmission system having a transmitting 
apparatus that transmits digital data signals and a 



k number (I.e., k x n) of decision circuit (3-11 , 
3-12, 3-kn) sets each having different 
35 threshold values, with one set formed by a plu- 

rality (n number) of decision circuits having the 
same threshold value; 

distribution circuits (2-1, 2-2 2-n) that dis- 
tribute the electrical signals to the decision cir- 
40 cuits; 

a selection circuit (5) that selects and outputs 
one decision result from the decision circuits; 
and 

a control circuit (4) that controls the selection 
45 circuit such that the input of the decision results 

Is received from each decision circuit, a set in 
which the decision results of n number of deci- 
sion circuits are the same Is selected from ail 
sets, and the decision result of one decision cir- 
50 cult from that one set is selected. 

5. A digital transmission system having a transmitting 
apparatus that transmits digital data optical signals 
and a receiving apparatus that receives the digital 
55 data optical signals transmitted over an optica! 
transmission path, converts the digital data optical 
signals into electrical signals, compares the electri- 
cal signals with a predetermined threshold value, 
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and performs decision reproduction, wherein 
the receiving apparatus comprises: 

k number (i.e., K x n) of decision circuit (3-11 , 
3-12,..., 3-kn) sets each having different 5 
threshold values, with one set formed by a plu- 
rality (n number) of decision circuits having the 
same threshold value; 

an optical distribution circuit (12) that distrib- 
utes the digital data optical signals to n series; 
n series of photo detectors (1-1, 1-2, 1-n) 
that receive the optical signals distributed to the 
n series; 

optical amplifiers (11-0, 11-1, 11-2 11-n) 

that amplify optical signals at at least one of the 
optical distribution circuits and the photo detec- 
tors that are upstream of the optical amplifiers; 
n series of distribution circuits (2-1 . 2-2. .... 2- n) 
that distribute the electrical signals output from 
the n series of photo detectors to the k sets of 
decision circuits that each have a different 
threshold value; 

a selection circuit (5) that selects and outputs 
one decision result from the decision circuits; 
and 

a control circuit (4) that controls the selection 
circuit such that the input of the decision results 
Is received from each decision circuit, a set in 
which the decision results of n number of deci- 
sion circuits are the same is selected from all 
sets, and the decision result of one decision cir- 
cuit from that one set Is selected. 

6. The digital transmission system according to claim 
5, wherein the photo detector is provided with an 
optical frequency conversion circuit (13) that con- 
verts an optical frequency of the digital data optical 
signals and outputs optical signals of a plurality of 
optical frequencies, and with an optical filter (14) 
that splits optical signals of a plurality of optical fre- 
quencies into each optical frequency and then in- 
puts the optical signals into the photo detector. 

7. The digital transmission system according to claim 
5, wherein the transmitting apparatus has a struc- 
ture (21 , 22) that modulates optical pulses of a plu- 
rality of frequency modes using digital data signals 
and then transmits the resulting signals, and the op- 
tical distribution circuit in the receiving apparatus is 
provided with an optical filter (14) that splits optical 
pulse signals of a plurality of frequency modes and 
then inputs the optical signals into the photo detec- 
tor. 

8. The digital transmission system according to claim 
5, wherein the transmitting apparatus has a struc- 
ture (21 , 22) that modulates continuous light of a 
plurality of optical frequencies using digital data sig- 



nals and then transmits the resulting signals, and 
the optical distribution circuit In the receiving appa- 
ratus Is provided with an optical filter (14) that splits 
optically modulated signals of a plurality of optical 
frequencies and then inputs the optical signals Into 
the photo detector. 

9. The digital transmission system according to claim 
5, wherein the transmitting apparatus has a struc- 
ture (24, 22) that modulates light having a plurality 
of polarization modes using digital data signals and 
then transmits the resulting signals, and the optical 
distribution circuit in the receiving apparatus is pro- 
vided with a polarization beam splitter (25) that 
splits optically modulated signals of a plurality of po- 
larization modes and then inputs the optical signals 
into the photo detector. 

10. The digital transmission system according to claim 
5, wherein the transmitting apparatus has a struc- 
ture (26, 22) that modulates continuous light or op- 
tical pulses using digital data signals and then trans- 
mits the resulting signals, and the optical distribu- 
tion circuit in the receiving apparatus is provided 
with an optical side band splitter (27) that splits into 
two an optical spectrum of received optically mod- 
ulated signals and then inputs the optical signals in- 
to the photo detector. 

11. The digital transmission system according to any of 
claims 3 to 5. wherein one set (n number) of deci- 
sion circuits (3-11, 3-12,...) that have the same 
threshold value and whose threshold value is set 
higher (or lower) than a standard threshold value is 
provided as a decision circuit, and there is further 
provided a fixed voltage generator (15) that inputs 
logic 1 (or logic 0) signals into the selection circuit, 
and, if logic 1 (or logic 0) is Included in the decision 
results of the n number of decision circuits, the con- 
trol circuit (4) controls the selection circuit (5) such 
that an output signal of the fixed voltage generator 
is selected, while, if logic 1 (or logic 0) is not included 
in the decision results of the n number of decision 
circuits, the control circuit (4) controls the selection 
circuit (5) such that a decision result of one of the 
decision circuits is selected. 

12. The digital transmission system according to any of 
claims 3 to 5, wherein three decision circuits (3-11 , 
3-12, 3-13) having the standard threshold value, a 
threshold value set higher than the standard thresh- 
old value, and a threshold value set lower than the 
standard threshold value are provided as the deci- 
sion circuits, and an output from the decision circuit 
whose threshold value is set higher than the stand- 
ard threshold value and an output from the decision 
circuit whose threshold value is set to the standard 
threshold value are connected to the selection cir- 
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cuit (5), and, if a decision result of either the decision 
circuit whose threshold value is set higher than the 
standard threshold value or the decision circuit 
whose threshold value is set lower than the stand- 
ard threshold value is logic 1 , the control circuit (4) 5 
controls the selection circuit (5) such that a decision 
result of the decision circuit having the standard 
threshold value is selected, while, If both decision 
results are logic 1 or logic 0, the control circuit (4) 
controls the selection circuit (5) such that a decision to 
result of the decision circuit whose threshold value 
is set higher than the standard threshold value Is 
selected. 

1 3. The digital transmission system according to any of is 
claims 3 to 5, wherein the digital transmission sys- 
tem Is structured such that digital data signals or 
digital data optical signals are transmitted from the 
transmitting apparatus to the receiving apparatus 
via a plurality of transmission paths, and the recelv- 20 
ing apparatus is provided with delay circuits (16-1, 
1 6-2) that equalize time differences between sig- 
nals transmitted over the plurality of transmission 
paths, and distribute signals from the transmission 
paths to the plurality of decision circuits. 25 
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FIG. 1 

FIRST EMBODIMENT OF THE PRESENT INVENTION 
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FIG. 2 



ERROR RATE CHARACTERISTICS 
IN THE FIRST EMBODIMENT 
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